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Functional MRI at 7T (or even higher fields!)

 We sometimes require higher
resolutions or more signal than
traditional fMRI can provide

» Typically, that means using an
ultra high-field MRI machine

10.5 TESLA
CENTER FOR MAGNETIC RESONANCE RESEARCH (CMRR)

« These can include 7 Tesla,
9.4T, 10.5T, 11.7T, or even 14T!

10.5T
Minneapolis
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Ultra high-field MRI around the World

approximation of 3T scanners

- IAEA | Human Health Campus (about absolute numbers) Greenland CO mpared to 2 Ok

- GE-partnership release (about locations in countries)
Q Finland
P

- 3T ratio taken from OECD statistics looking at General Electric, Siemens, Hitachi, and Philips
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4 o
(J v ‘A#nliao 0
UHF MRIs in the world Q 3 YAy 9

))

820
North X . ~’ﬂ‘ AN 0‘ 'n
g W Q. “23,.&?4“’75"’(’2’39777

/
50
)
)

o‘\))
D

T
2

&
2
S8

go

=
8
D
\OW
)
<4

&
O}
O

« Today, there are about
140 of them!
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https://www.google.com/maps/d/u/1/edit?hl=en&authuser=1&mid=1dXG84OZIAOxjsqh3x2tGzWL1bNU&ll=5.885217684326534%2C0&z=2

NIH ' National Institutes of Health

But why is it called Ultra High-Field MRI?

kHz kHz MHz

N

Y XBy=42.57 MHz/T x 7 T =297.99 MHz

Close enough... @
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Why Do People Use 7T?

So we go to higher field strengths (BO), but why?

The simple explanation is:
Signal increases with

field strength!

SNR

Signal Strength
(Frequency & Magnetization)

Accounting for
thermal noise

Accounting for
thermal noise
T ReEIR:
thermal noise,

coil quality and
sample conductivity

O(BO

By

Olaf Dietrich blog (https:/dtrx.de/od/mmm/mmm_20180222.html)
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Signal Strength at 7T

= cortex
60001 | == inner brain
== cerebellum

o o _ 50001~ == cerebrum
« Empirical data seem to be something in the middle... —— model

» This function makes 7T a good deal!

SNR

 We get a big increase in SNR compared to 3T,
and we avoid the intense engineering challenges T TURROTRN <o N
at higher magnetic fields 3T= / SNRoc BO'-65

-___,.f'-

——

o 2 4 6 8 10

Pohmann, et al. 2015
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Field Strength of MRI

0.75 mm

From
Renzo Huber
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But 7T is not magic...

* [t comes at a cost!

« Even though signal is higher, we lose it faster!!

* Plus, phase accumulates faster at 7T when
reading out the same size voxels when
shimming isn’t perfect

So. .. can ’t we just
» Together, these effects mean that if we cannot s C a n fa ste r? 7 7

get through k-space fast, we will have image
distortions

« Bad news if we care about small structures like
cortical layers!
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How do we image faster and increase resolution?

Increase
Field Strength

(get same amount signal
in shorter time)

250 um, but 3.5
hours!

Scan for longer

Lusebrink, et al. 2017
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How do we image faster and increase resolution? BUT WHAT
ABOUT THE
. SPEED
Fourier UP?22?72
We want Transform
To reconstruct our
t d Gy .
If_;f)‘;‘;; images
**See Lecture 3
by Vinai
But then we are left
It would b t N
t\(')vzl,iip ”r?e%r_?_a G % with reduced FOV and
Fourier wrapping artifacts!
Transform

MRI Questions
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Enter... Parallel Imaging

Combined

MRI Questions; Paolini, et al. 2015
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The Acceleration Problem

Coil 2

S0 how do we To this???
go from this?

MRI Questions
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SENSE /ASSET

Full FOV Image

Coil Sensitivity Maps Measured Images MRI Questions
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GRAPPA/ARC

Weighting factors ARG,

Coil 1 from ACS

Autocalibration
Region

ele.

Acquired data

MRI Questions
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What are the limitations of acceleration?

« All Parallel Imaging techniques are limited by
the number of receiver coils, and their
arrangement!

 Noise is cumulative! Voxels with similar
sensitivity across all coils are harder to
untangle (G-Factor penalty).

g-factor

0.0

r

« Algorithms are never perfect.... some wrapping
artifacts will always be present

MRI Questions
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Reducing Artefact Coherence (Compressed Sensing)

Lustig, et al. 2008
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2 ~35% of
A Kspace

o vkl 3 s
1 "‘ e, .

m 4

CS-USx5.1  GRAPPA3
(6:04) (9:37) Collected on 7TB

VR
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Okay, but is 7T better for fMRI?

» “The physics” show that 7T is better...

but is it really better for fMRI?
« Generally, yes.

« 7T provides increased SNR and

resolution, which often translates to:

1. Better functional contrast
2. More extensive functional
components

Number of Total ICA Number of Noise ICA Number of BOLD Signal
Components Components ICA Components

160 50
140 I

120 - 404
100 - 30 -
80 | l

60 i i — A 20 |

40 - 1
01— I
Unstructured Noise BOLD Variance / Original
Original Variance Variance

0.200 1.000

0.150 0.800 -
0.600 -
0.100 -
[ 0.400
0.050 L

0.000

7T m3T 7T m3T

Vu, et al. 2017 (Human Connectome Project)
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But we need to think about sequences!

2D MB/SMS

= 50+
5.0 40+
@ 30r
° a9 20+
S v — 3D EPI : n
22 10t — 5D EPI relative SN -
- - g2 0 - > .
- Higher signal @ 00713 27 5.4 voxel volume [ul] + Lower signal @
* but more motion * but fewer motion
artefacts @ artefacts ©
* No slice timing * Pretty standard
» Confusion between processing

TR and “VAT”

From Renzo Huber
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Cortical Columns in fMRI

Little
Index

« The specificity of 7T MRI enabled
individual finger response mapping
In single subjects

Thumb

 These maps and subsequent
experiments have provided valuable
information on hand dystonia.

Martuze, et al. 2012; Besle, et al. 2013; Asghar, et al. 2026
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Cortical Columns in fMRI

* Yacoub (2008) showed that it was
possible to see cortical columns
using fMRI

« |In a flat portion of cortex, they mapped
ocular dominance and orientation
selectivity in V1

Yacoub, et al. 2008
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Anatomical Mapping of Small Brain Structures

PDW T2W

e 7T MRI can be used to create
detailed maps of subcortical
structures.

« /T can also deliver unprecedented
detail via ex vivo brain mapping
(100 pm resolution)

Maruyama, et al. 2019; Edlow, et al. 2019
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Clinical Use of 7T MRI

« 7T MRIis used in cases where high
resolution is important for accurate
diagnosis and treatment

* One example is surgical planning and
confirmation of deep brain
stimulation. This requires accurate
differentiation of subthalamic nuclei
from the substantia nigra.

Barisano, et al. 2018
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Clinical Use of 7T MRI

« 7T MRIis used in cases where high
resolution is important for accurate
diagnosis and treatment

« Other examples include stroke and
small vessel disease, where the
iIncreased detail provided by 7T MRI
can be very informative

Barisano, et al. 2018
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Mesovein protocols

A Cortical view B Carved-out view C Bird's eye view

« Vascular protocols can also
be used for neuroscientific

guestions

Superior temporal
FVIUS

Pial vessels

Increasingly detail maps of EESEEEEREEES
arteries and veins is
helping us better interpret
fMRI signals by examining
their sources

\(X Peripheral

- pial vein
A | L

Gulban, et al. 2026
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Mesovein protocols

Vascular protocols can also
be used for neuroscientific

guestions

Increasingly detail maps of
arteries and veins is
helping us better interpret
fMRI signals by examining
their sources

A Lateral-posterior view cortical surface
B Superficial layer

C Middle layer

E Intracortical vein types
Vi1 V2 v3

D Deep layer

I=25%

Gulban, et al. 2026
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The Promise of Layer fMRI

resting-state directional connectivity in the visual system

° There iS a IOt Of eXCitement A)expected layer-connectivity C) ROI selection: D) layer-dependent connectivity
: : hMT+ 7 cozoras = |seed = thalamus
surrounding the field of L WV VM T | Thalamus: localization RN Gy 3 3 target = loft V1
SRR by means of functional & " 2 *
Layer fMRI. P |GE-BOLD localizer ~ [EAE g 2
contra- o 1 !
vi 1] ataral ' E g | |

« One of the most promising
areas is the idea that layer-
specific connectivity

Thalamus

B) layer-depeTit

. LA c (| target = left Vv
seed of interest regresslng — : 8 | control = thalamus

patterns, ma_y prOVIde clues (average of out control V1: by means of Stria of Genari :
to the direction of ll yors) signaltrace in 0.2 mm FLASH-slab (3 averages) =3 seed = right V1
. . . control seed “1 W this is input to b = 5 target = k?ft \A
information flow in the liayers)  WVAH T g1t Gesign matrx| SHESY £ i
human brain... \ 2

o 1VMWWHY S

i S cSF__Mmi_V_WM

Huber, et al. 2021
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AS BOLD VASO 80OLD

Future Steps to Improve 7T fMRI s —

VASO
Inversion .
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UC Berkley

Feinberg, et al. 2023; Huber, et al. 2026
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High Resolution fMRI Educational Resources

« |ISMRM Conference

 ISMRM Brain Function &
High Field Study Groups

» Layer fMRI Journal Club
(https://layerfmri.com/seminar/)

« Layer fMRI Dinners

Plenary Session
Mesoscale MRI

@ Back to the Program-at-a-Glance

\

7

Mesoscale MRI

Plenary Session
Plenaries
Wednesday, 13 May 2026

Plenary Hall (Halls 8- 11:10 - 12:10 Moderators: Berkin Bilgic & Christopher Nguyen & Wietske
10) | CTICC 2 Van der Zwaag

Session Number: 520-02 No CME/CE Credit

| ——

ISMRM %&E

AND SCIENTISTS.

A BRAIN FUNCTION  STUDY GROUPS FORUMS ISMRMMENU DONATE  CAREER CENTER SMRT &

(https://layerfmri.com/dinners/)
I-I n I ‘\\
h!llll

ISMRM | Brain Function

STUDY GROUP

_________________________________
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